Background Maternal and neonatal mortality rates remain high in many low-income and middle-income countries. Diff erent approaches for the improvement of birth outcomes have been used in community-based interventions, with heterogeneous eff ects on survival. We assessed the eff ects of women's groups practising participatory learning and action, compared with usual care, on birth outcomes in low-resource settings.
Introduction
Between 1990 and 2010, substantial improvements were noted in maternal and child survival-maternal mortality decreased by 47% and the mortality in children younger than 5 years fell by 37%. 1 However, in 2011, an estimated 273 465 mothers died from compli cations of pregnancy and childbirth and 2·9 million infants did not survive the fi rst month of life, repre senting 43% of all deaths in children younger than 5 years. 2, 3 Achievement of the Millennium Development Goals 4 and 5 requires a doubling of the reduction in maternal mortality ratio and a renewed focus on neonatal survival. 2 Communitybased interventions are crucial for the attainment of these goals. 4 In a systematic review and meta-analysis of communitybased intervention studies, reductions were noted in the neonatal mortality (12 studies, risk ratio 0·76, 95% CI 0·68-0·84), but the evi dence of reductions in maternal mortality was inconclusive (ten studies, 0·77, 0·59-1·02). 5 This and other reviews included diff erent approaches to community inter ventions, 6, 7 and the policy implications of their fi ndings are uncertain. One approach involved home visits to counsel mothers, provide newborn care, and facilitate referral. 8, 9 Another involved home-based counselling combined with com munity activities to improve newborn care. 10, 11 A third approach involved women's groups in a fourphase participatory learning and action cycle. Phase 1 was to identify and prioritise problems during pregnancy, delivery, and post partum; phase 2 was to plan and phase 3 implement locally feasible strategies to address the priority problems; phase 4 was to assess their activities. [12] [13] [14] Women's groups aimed to increase appropriate care-seeking (including antenatal care and institutional delivery) and appropriate home prevention and care practices for mothers and newborns. The women's group approach was inspired by a commitment to the participation of people in health care after Alma Ata. It also drew on Paolo Freire's work, which provided insights applicable to health: many health problems are rooted in powerlessness, and would be addressed by social and political empowerment; health education is more empowering if it involves dialogue and problem solving, rather than message giving; communities can develop critical consciousness to recognise and address the underlying social and political determinants of health. 15, 16 For example, where gender inequity constrains improvements in mater nal survival, empowered groups could give women the understanding, confi dence, and support to choose a healthy diet in pregnancy, and seek care or advice outside of their homes.
The eff ects of the diff erent approaches for the improvement of birth outcomes need to be reviewed and population-level predictors of the eff ects need to be identifi ed to guide policy and practice. We therefore did a systematic review of randomised con trolled trials to assess the eff ect of women's groups practising participatory learning and action. Our objectives were to ascertain the eff ects of these groups, compared with usual care, on maternal mor tality, neonatal mortality, and stillbirths in low-resource settings. We did a metaanalysis of the data retrieved in the systematic review, investigated potential population-level predictors of eff ect, assessed cost-eff ectiveness, and estimated how many lives could be saved if the approach was scaled up in the Countdown countries.
Methods

Systematic review
AW and CMa searched databases for literature about interventions with participatory women's groups in lowincome and middle-income countries: PubMed, Embase, Cochrane library, CINAHL, African Index Medicus, Web of Science, the Reproductive Health Library, and the Science Citation Index, using the inception date for each database and Oct 13, 2012, as inclusion dates. Search terms were a combination of "community mobilisation", "community participation", "participatory action", "partici patory learning and action*", "women* group*", and "women" (appendix p 1). No language restrictions were applied. AW and CMa also sought unpublished data from researchers who were known to be active in this specialty. Figure 1 summarises the study selection process. AW and CMa reviewed the results of the electronic searches and acquired electronic reports of published studies, and manuscripts of unpublished studies from the respective investigators. AW and CMa made the fi nal decisions about the inclusion or exclusion of reports or manuscripts separately after inspection, and then independently extracted data for the characteristics, quality, and outcomes of each study. Together, the reviewers checked and verifi ed these data. Investigators for the primary studies were contacted for clarifi cation if there were discrepancies in the extracted data.
The four criteria for inclusion of the studies in the systematic review were that they were randomised controlled trials; the intervention contained the stages of a participatory learning and action cycle; most of the participants were women of reproductive age (15-49 years); and the study outcomes included maternal mortality, neonatal mortality, and stillbirths. AW and CMa independently assessed the studies for quality using the CONSORT statement extension for cluster-randomised controlled trials, 17 and risk of bias using the Cochrane Collaboration's tool. 18 The review protocol was not registered in any database.
Meta-analysis
NS and AP extracted study-specifi c odds or risk ratios for each outcome, using the main estimates reported in each study. These ratios accounted for clustering, stratification, and, where appropriate, adjust ments for other covariates. We did not undertake data analysis of individual participants because of diff erences in methods to adjust for clustering and in the range of variables that were adjusted for in each study. When a required outcome was not reported in a study, we used methods identical to those reported in the original study to calculate an eff ect size from the trial datasets. We did a meta-analysis of the study-level data with the metan command in Stata (version 12.1) using random-eff ects See Online for appendix models because we assumed that the eff ects seen in each trial were taken from an underlying distribution. We planned a-priori meta-analyses to ascertain the eff ect of women's groups on maternal mortality, neonatal mortality, and stillbirths with all identifi ed trials, followed by subgroup analyses to identify population-level predictors of eff ect. We postulated that these might include the population coverage of women's groups, proportion of pregnant women participating, and background mortality and institu tional delivery rates as measured in the control areas during the trials. In previous studies, the hypothesis was that having one women's group per 450-750 population and between 30% and 50% of pregnant women attending groups would be key determinants of eff ect.
14, 19 We used meta-regression analysis 20 to assess whether each of the predictors was associated with intervention eff ects. When there was evidence of statistical heterogeneity (I²>50%, p<0·05), we separated the trials into groups according to the results of the meta-regression analyses. We assessed potential publication bias and small-study eff ects using funnel plots and Egger tests. 
Cost-eff ectiveness analysis
To compare the cost-eff ectiveness of the interventions, we used incremental cost-eff ectiveness ratios for trials in which signifi cant eff ects on neonatal mortality rate were reported. We independently assessed the quality of the studies using guidelines adapted from Drummond and Jeff erson. 22 In each trial, the economic costs of setting up and running the women's group intervention were gathered from the provider's perspective, using project accounts as the main data source. Costs linked to healthservice strengthening, monitoring, and evaluation were excluded. Capital costs were annualised over the expected lifetime of the item and women's groups were allocated a share of any costs incurred jointly with other activities or programmes. We converted the reported US$ back into the local currency using the average exchange rate for that year, and used the local consumer price index to account for infl ation in the interim period and calculate the value of the cost in 2011. Local currencies were then converted to inter national dollars using purchasing power parity conversion factors for 2011, creating ratios comparable across 
Eff ect in Countdown countries
We estimated the eff ect of implementation of the intervention in rural areas of all Countdown countries. Mortality rates for deliveries with and without skilled birth attendance (SBA) are very diff erent, and many Countdown countries have higher rates of deliveries with SBA than do the study areas in the trials, so we could not ignore the diff erence between deliveries with and without SBA. Although the inter vention could reduce the mortality by increasing SBA deliveries or improving their outcomes, its largest eff ect seems to be on deliveries without SBA. Thus, in estimating the eff ect, we applied an overall risk ratio derived from the meta-analysis for rural trials in which a third or more of pregnant women participated in groups only to deaths in rural deliveries without SBA. We believe this method provides a conservative estimate of the eff ect that captures most of the intervention benefi t. We generated two estimates of eff ect: one in which we assumed that the intervention would have the same eff ect at scale as that from the meta-analysis of rural trials in which 30% or more of the pregnant women participated in groups, and another in which we assumed a 30% loss of eff ectiveness for implementation at scale. This estimate was intended to provide a conservative lower bound for eff ect (appendix pp 2-4 provides a detailed description of assumptions and methods).
Role of the funding source
The funders had no role in the design of the study, data gathering, analysis, interpretation, or writing up of the report. The corresponding author had access to all the data and had fi nal responsibility for the decision to submit for publication. 
Results
We found and analysed seven cluster, randomised controlled trials with a total of 119 428 births. [12] [13] [14] [24] [25] [26] [27] Table 1 summarises the characteristics of these trials. The studies were done between 1999 and 2011 in four countries: Bangladesh, India, Malawi, and Nepal.
In all trials, variants of a participatory learning and action cycle were tested. Women's group facilitators, all local women who were not health workers, coordinated between nine and 13 group meetings per month after receiving 7-11 days of basic training in maternal and newborn health and participatory facilitation techniques. In six of seven studies, women's groups had monthly meetings; in the urban trial, 24 groups met fortnightly. In all trials, both intervention and control clusters had context-specifi c health services strengthening (table 1) .
Quality assessment and risk of bias appraisals for the seven trials included in the systematic review are described in appendix pp 5-8. The studies were of good quality and had low risk of bias, according to the standards of the CONSORT statement 17 and Cochrane Collaboration's tool 18 for assessing risk of bias in randomised trials, for all items except masking of participants, personnel, and outcome assessment. These shortcomings were due to the nature of the intervention and study designs. In all trials, analyses were by intention to treat-ie, data from all women who had recently delivered in a study cluster, whether they participated in a group or not, were included. According to the CONSORT statement, all trials had appropriate randomisation, accounted for the eff ect of clustering, and had no loss of clusters at follow-up. The panel shows the outcome defi nitions used, which were the same in all studies included in the systematic review and meta-analysis. Figure 2 shows the forest plots for meta-analyses of the eff ects of women's groups on maternal and neonatal mortality in the seven trials. Exposure to women's groups was associated with a 23% non-signifi cant reduction in maternal mortality (fi gure 2A) and a 20% reduction in neonatal mortality (fi gure 2B), but with high statistical hetero geneity (fi gure 2A, B). This heterogeneity warranted further exploration through meta-regression and subgroup analyses. There was no evidence of reduction in stillbirths (odds ratio 0·93, 95% CI 0·82-1·05, I²=37·7%, p=0·141; appendix p 11). Appendix pp 12-14 show the eff ects on perinatal mortality, and early and late neonatal mortality rates. Funnel plots for all out comes were broadly symmetric (appendix pp [14] [15] . Results of Egger tests suggested no evidence of publi cation or small-study bias for neonatal mortality (p=0·040), but there was some evidence of maternal mortality (p=0·059).
In all but one study, 26 the coverage of pregnant women in groups was calculated as the proportion of women who had delivered between 28 days and 8 weeks before the interview and reported ever attending a women's group, irrespective of the number of meetings attended. Results of meta-regression analyses indicated that the proportion of pregnant women participating in groups was linearly associated with reduction of both maternal and neonatal mortality (odds ratio -0·027, 95% CI -0·047 to -0·007, p=0·019; -0·011, -0·018 to -0·004, p=0·009, re spectively; fi gure 3). We found no evidence of associations between intervention eff ects and the size of the population covered by a women's group, background mortality, or institutional delivery rates (appendix p 17).
Since the proportion of pregnant women participating in groups was a key predictor of mortality reduction, for our subgroup analyses we separated the trials into categories of high (≥30% of pregnant women participating in women's groups) and low coverage (<30% participating). Figure 4 shows that in high-coverage studies (48 333 livebirths), exposure to women's groups was associated with a 49% reduction in maternal mortality (fi gure 4A) and a 33% reduction in neonatal mortality (fi gure 4B). No eff ects were noted in the low coverage studies for any of the birth outcomes. Table 2 shows the behavioural mechanisms, based on reported data, through which the interventions might have aff ected birth outcomes. In three 12,13,27 of four 14 south Asian trials in which the behavioural mechan isms were reported, women's groups showed strong (including signifi cant and non-signifi cant) eff ects on clean delivery practices for home deliveries (especially handwashing and use of clean delivery kits), and noticeable eff ects on breastfeeding (table 2) . Use of women's groups resulted in signifi cant increases in the uptake of any antenatal care in two studies, 12, 25 and institutional deliveries in one study (table 2) . 12 The largest behavioural eff ects on mortality that were seen in the south Asian studies are likely to have been determined by changes in clean delivery practices for home deliveries and improved immediate postnatal care at home.
Each study had a process evaluation for the interventions, evidence from which enabled us to develop a Panel: Defi nitions 28 • Miscarriage: cessation of a presumptive pregnancy before delivery of the baby's head at less than 22 weeks of gestation. • Neonatal death: death of a liveborn infant within 28 completed days of birth.
• Early neonatal death: deaths arising within 6 completed days of birth.
• Late neonatal death: deaths arising from 7 to 28 completed days of birth.
• Stillbirth: the International Classifi cation of Diseases and Related Health Problems, 10th revision, defi nes fetal death as "death prior to the complete expulsion or extraction from its mother of a product of conception, irrespective of the duration of pregnancy". In all studies included in the systematic review, stillbirths were classifi ed on the basis of verbal autopsies in which no sign of breathing, heartbeat, or any other evidence of life was reported at birth. • Perinatal death: a stillbirth or early neonatal death.
• Maternal death: death of a woman while pregnant or within 42 days of cessation of pregnancy from any cause related to the pregnancy or its management, but not from accidental causes.
working hypothesis about the way in which the women's groups bring about improvements in birth outcomes (appendix p 18): the intervention builds the capacities of communities to organise and mobilise to take individual, group, and community action to address the structural and intermediary determinants of health.
29-31
Although the incremental cost per neonatal death averted diff ered widely between trials (table 3), according to WHOrecommended stan dards, women's groups practising participatory learning and action were a highly costeff ective inter vention in these trials. Quality assessment for the four trials in table 3 is described in appendix p 19. We applied the meta-analysis results from rural, highcoverage studies to deliveries in rural areas and without SBA in 74 of 75 Countdown countries. We estimate that the intervention could prevent the deaths of up to 52 300 mothers and 404 000 newborn infants per year if the eff ect was the same as in the high-coverage trials, and 36 600 mothers and 283 000 newborn infants per year with a 30% loss of effi cacy through scale-up. These numbers cor respond to upper and lower estimates of 13% and 9% for neonatal deaths and 19% and 13% for maternal deaths for delivery types and rural and urban regions. Appendix pp 20-21 shows the seven countries where the most maternal and newborn deaths would be saved, and those in which the most lives could be saved as a proportion of total deaths for each country. A scaleup of women's groups with adequate coverage in rural areas of two countries (India and Bangladesh) where they have already been tested and implementation guides exist 33 could prevent the deaths of about 130 000 newborn infants and 10 200 mothers, taking into account a 30% loss in eff ect through scale-up. Appendix 
Discussion
Women's groups practising participatory learning and action led to substantial reductions in neonatal and maternal mortalities in rural, low-resource settings. The proportion of pregnant women participating in groups and the population coverage of groups were key predictors of the eff ect. We included stillbirths as an outcome because we anticipated that an intervention that increased care-seeking and self-care for women during pregnancy might have an eff ect on stillbirths.
Our analysis has four important limitations. First, the systematic review and meta-analysis included only seven trials, thereby restricting our analyses of potential sources of heterogeneity and bias. More studies would have increased the accuracy of assessments of bias and enabled multivariate meta-regression analyses and analyses of non-linear associations. Second, the complex nature of the intervention means that the attribution of mortality reductions to discrete mechanisms is not straightforward. Many of the factors that might have been linked to reductions in maternal deaths-eg, increased awareness of danger signs and increased individual and community responsiveness to themwere not measured in impact evaluations. Contextual and implementation factors are likely to have altered the eff ect sizes, and need further cross-site analysis. Third, we were unable to undertake meta-regression analysis of individual participants because the trials adjusted for diff erent sets of covariates and used a mix of individuallevel and cluster-level analyses to address clustering. Individual patient data analysis would have allowed us to investigate sources of hetero geneity in more depth. Nevertheless, we think that our hypothesis linking pregnant women and population coverage to the eff ect of the intervention is both operationally plausible and supported by our meta-regression analyses. Last, the comparative cost-eff ective ness analysis presented here constitutes only a starting point. Comparison of the determinants of diff erences in costs, or the eff ect of scale on cost, was not possible but they are a priority for future work.
The eff ect on neonatal mortality in the four highcoverage studies was greater than the overall pooled eff ect for all community trials analysed in a recent Cochrane review (odds ratio 0·76, 95% CI 0·68-0·84). 5 This result is not unexpected because the interventions aggregated were very diff erent (training of birth attendants, health education, and home visits) and the studies had high heterogeneity (I²=69%, p=0·0001). The eff ect on neonatal mortality is inferior to that in the most intensive home-based newborn-care programme, 8 but similar to eff ect sizes in the less intensive home visits trials. 9 When extrapolated to rural areas of Countdown countries, the overall eff ect of the women's Mortality reduction Mortality increase group intervention compares well with others. For example, according to the results of a 2011 study, broad coverage of basic and comprehensive emergency obstetric care could prevent an estimated 591 000 neonatal deaths per year. 34 By comparison, we estimate that the women's group intervention could save 283 000 lives (assuming no eff ect on deliveries attended by SBA) and might be easier to implement where health services are weak. A reasonable assumption is that where SBA delivery rates in rural regions are high, the participatory learning and action cycle could have an eff ect on birth outcomes following SBA deliveries too. In this case, the eff ect for such countries could be higher than the estimate in appendix pp [22] [23] .
The results of our study raise three important issues. First, is the potential of community-based, participatory interventions to reduce maternal mortality. The only intervention found to aff ect maternal mortality so far has been training of birth atten dants with antenatal and intrapartum home visits (relative risk 0·70, 95% CI 0·51-0·96). 5 For women's groups, we hypothesise that reduction of maternal mortality might be driven by reduced infection through improved uptake of antenatal care and hygiene during delivery, and small changes in the rapidity of response and care-seeking that make the diff erence for survival. This last hypothesis is supported by data for the process evaluation that showed that groups dis cussed danger signs, raised community-wide support for maternal health, organised transport for pregnant women, and contributed to emergency funds for transport and health-care costs. [35] [36] [37] However, the reduction seen in the high-coverage studies is large and included two trials that had populations of less than 200 000. 12, 25 Therefore, even with adequate coverage of pregnant women, it is plausible that eff ects at scale would be smaller than those in the subgroup analysis for high-coverage interventions.
Second, the results of the analysis raise the question of whether participatory learning and action have a role in maternal and newborn health in urban contexts. Rates of antenatal care and institutional delivery tend to be higher in cities, delays in care-seeking shorter, and mortality rates lower, making them potentially less amenable to non-clinical interventions. There is an argument for focusing on improved links between communities and facilities, and on the quality of clinical care. 24 Collective action could be instrumental in achieving these objectives, but might require moving beyond women's groups as the main agents of change if urban women are more isolated and reluctant to commit to group action.
Last, we should consider how community strategies that were shown to be eff ective in small-to-medium-sized trials, To standardise calculations of the years of life lost averted, we recalculated cost per year of life lost averted for Manandhar 12 and Tripathy 13 and their colleagues' studies by dividing the reported cost per death averted by 30·5-ie, years of life lost associated with an infant death assuming standard life expectancy and no age weights. Lewycka 25 and Fottrell 27 and their colleagues included all start-up costs, whereas Manandhar 12 and Tripathy 13 and their colleagues included a proportion of the start-up cost because it was annualised over 10 years. *Reported in Borghi and colleagues. 32 Table 3 : Cost-eff ectiveness ratios for the participatory women's group intervention (in 2011 international dollars) including home visits and collective action through women's groups, could be combined at scale. Using participatory women's groups as a community engage ment strategy for maternal and newborn health alongside other evidence-based strategies, including home visits, could alter both the demand and supply side of health care. An intervention from Pakistan that com bined meetings with women's groups and home visits led to a large improvement in newborn survival within existing health system structures. 11 Can such models now be taken to scale and fully integrated within health systems?
With the participation of at least a third of pregnant women and population coverage of 450-750 per group, women's groups practising participatory learning and action are a cost-eff ective strategy to improve maternal and neonatal survival in resource-poor settings. Their implementation in rural areas of Countdown countries could save many lives. In these settings, policy makers should consider women's groups as a core strategy to complement eff orts made to improve safer motherhood and newborn care through better midwifery and obstetric care.
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